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Abstract
We study the renormalization effects on electric dipole moments in the models
with new electroweakly interacting massive fermions. The electric dipole moments
are generated by the effective operators which arise from integrating out heavy par-
ticles at some scale in the models. We give the renormalization group equation for
the Wilson coefficients of the effective operators from the scale where the operators
are generated to the electroweak scale. Our numerical studies focus on the electric
dipole moments in the mini-split supersymmetric scenario and the electroweakly
interacting massive particle dark matter scenario. It turns out that the renormal-
ization effects can give an enhancement factor being of the order of O(10)% in the
mini-split scenario and being more than two in the minimal dark matter model.
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1 Introduction
The measurements of electric dipole moments (EDMs) of the standard model (SM) parti-
cles are powerful probes of CP violation in the models beyond the standard model (BSMs).
In the SM, the EDMs are generated by three-loop diagrams for nucleons or four-loop di-
agrams for electrons when the θ-term vanishes by a phenomenon such as Peccei-Quinn
symmetry [1], and thus EDMs are highly suppressed in the SM [2–6]. The BSMs often
provide new sources of CP violation, and they can lead to large EDMs compared to the
SM prediction. Therefore, the EDMs are sensitive probes of the CP violation in the new
sector.
ACME collaboration has very recently reported the updated bound on the electron
EDM: |de| < 1.1 × 10−29 e cm (90% CL) [7]. This improved limit on the electron EDM
is so strong that the bound allows to set constraints on the TeV-scale physics even if
the new contribution to EDMs appears at two-loop order [8, 9] (For earlier analysis in
the framework of the SM effective field theory, see Refs. [10, 11]). It is expected that
the ACME experiment will improve the limit on electron EDM by almost two orders of
magnitude at most [12].
Nucleon EDMs have a sensitivity to explore the CP violating nature of the quark
sector. The current limit on proton EDM is indirectly extracted from the mercury EDM,
|dp| < 7.9× 10−25 e cm [13]. A proposed experiment using a storage ring will give a direct
measurement and improve the sensitivity at least by four orders of magnitude compared to
the current bound on proton EDM [14], |dp| ' 1.0×10−29 e cm. The current upper limit on
the neutron EDM is given by |dn| < 3.0× 10−26 e cm (90% CL) [15,16]. Several proposed
experiments using ultracold neutrons will achieve a sensitivity of |dn| ' 1.0× 10−28 e cm
(see review Ref. [17]).
In this work, we consider models with a new fermion which is charged under SU(2)L×
U(1)Y and interacts with the SM Higgs through CP violating dimension-five effective
operators. We will refer to these models as electroweakly interacting massive particle
(EWIMP) models. Unless the dimension-five effective operators are highly suppressed,
they provide sizable contributions to the EDMs [18,19]. For this reason, they can be good
benchmark models for the measurements of the EDMs.
In addition to the aspects of the good benchmark models, the EWIMP models have
gathered attentions in several features: the EWIMPs can be the dark matter (DM) can-
didate [20–27], the detectability of the EWIMPs at lepton or hadron colliders has been
discussed [28–38], and so on.
The EWIMP models can be realized as low-energy effective models of specific ultra-
violet (UV) completions. For example, in (mini-) split supersymmetric (SUSY) mod-
els [39–47], winos and/or higgsinos, which are respectively supersymmetric partners of W
bosons and Higgs bosons, are the candidates of the EWIMP DM. Therefore, the indirect
and direct searches of EWIMPs have also been motivated from the point of view of model
building for the UV completions.
In this paper, we study the EDMs in the EWIMP models with particular attention to
the renormalization group (RG) effects. The EDMs in the EWIMP models dominantly
arise from the Barr-Zee contributions [48] with an insertion of the dimension-five effective
operators [18,19]. It should be noted that, in order to calculate the EDMs with sufficient
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accuracy, we have to evolve the Wilson coefficients of the effective operators down to the
electroweak scale from the UV scale. The RG effects are expected to become important
when the UV scale is much higher than the mass scale of the EWIMP. In this work,
we derive the anomalous dimensions for the effective operators in the specific models
with an EWIMP fermion: especially mini-split SUSY models with heavy higgsinos and
the minimal DM models. We obtain the precise values for the EDMs by applying our
formulae, and then we discuss the impact of the RG effects on the EDMs.
This paper is organized as follows: in Section 2, we briefly introduce the EWIMP
models, and discuss the EDMs in the models. Then we discuss the renormalization group
equations (RGEs) above the energy scale of the mass of EWIMPs in Section 3. Numerical
studies for specific models are shown in Section 4; in particular, split supersymmetry
scenario with heavy higgsino and minimal DM model. Section 5 is devoted to conclusions
of our work.
2 Electric Dipole Moments in EWIMP Models
We consider the model with an SU(2)L n-plet fermion, denoted by χ, with hypercharge
Yχ in addition to the SM particles. The Lagrangian for χ being a Majorana fermion is
given by
Lχ = 1
2
(iχγµDµχ−Mχχ) + 1
2
C˜sH
†HχCiγ5χ , (1)
where Dµ = ∂µ + igT
aW aµ + ig
′YχBµ is a gauge covariant derivative with T a being an
n-dimensional representation of the SU(2)L generators, and with g , g
′ being the gauge
coupling constants of SU(2)L and U(1)Y , respectively. H denotes the SM Higgs field.
The mass parameter, M , is taken to be real. C˜s denotes the Wilson coefficient of the
effective interactions. The Lagrangian for χ being a Dirac fermion, on the other hand, is
given by 1
Lχ = iχγµDµχ−Mχχ+ C˜sH†Hχiγ5χ+ C˜tH†taHχiγ5T aχ , (2)
where ta is a fundamental representation of the SU(2)L generators. C˜s and C˜t denote the
Wilson coefficients of the effective interactions.
We note that the Wilson coefficients are determined in terms of fundamental couplings
and masses of heavy particles once we specify a UV completion. A concrete example for
the UV completion is discussed in Section 4.2. At this stage, we do not specify the detail
of the UV completion.
The EWIMP fermions can have the dipole-type interactions such as χσµνγ5T
aχW aµν
with the W-boson field strength tensor W aµν . However, these operators arise at the one-
loop level and they have an additional suppression factor due to the chirality property of
1 For the case of the doublet EWIMP fermion, the effective operator, such as (χCH)(χH) with the
SU(2) antisymmetric tensor , is also allowed. This operator, however, does not induce the EDMs via the
Barr-Zee diagrams. The phenomenology of these operators has been intensively discussed in the higgsino
dark matter model in a split SUSY scenario [49], and the RGEs of these operators have been derived in
the context of neutrino mass operators [50,51].
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the dipole operators. Therefore, we expect the dipole operators of the EWIMP fermions to
be subdominant in this study. We also assume that the CP -odd dimension-six operators
of the SM fields are negligible. This assumption is valid when the UV scale is much
higher than the mass scale of the EWIMP mass and/or the Wilson coefficients of the
dimension-six operators are accidentally suppressed. We will disscuss the UV completion
which satisfies this assumption in Section 4.2
In this model, the CP -odd effective interactions induce the EDMs for light fermions
via two-loop diagrams, so-called Barr-Zee diagrams [48]. The EDM for a light fermion f
with mass mf and an electromagnetic charge Qf is computed as follows [18,19].
df = d
γH
f + d
ZH
f + d
WW
f . (3)
For χ being a Majorana fermion, each of the contributions is calculated as
dγHf
e
=
αemfQf
6(4pi)3
n(n2 − 1)
M
C˜sf0
(
M2
m2h
)
,
dZHf
e
=
αmf
12(4pi)3
(T 3f − 2Qf sin2 θW )
n(n2 − 1)
M
C˜sf1
(
m2Z
m2h
,
M2
m2h
)
,
dWWf
e
= 0 .
(4)
Note that dWWf vanishes due to the cancellation between the contributions from the
positive-charged fermions and the negative-charged fermions. Similarly, for χ being a
Dirac fermion, it is calculated as
dγHf
e
=
αemfQf
3(4pi)3
n
M
f0
(
M2
m2h
)[
(n2 − 1 + 12Y 2χ )C˜s − Yχ(n2 − 1)C˜t
]
,
dZHf
e
=
αmf
12(4pi)3
n
M
(T 3f − 2Qf sin2 θW )f1
(
m2Z
m2h
,
M2
m2h
)
×
[
2(n2 − 1− 12Y 2χ tan2 θW )C˜s − Yχ(n2 − 1)(1− tan2 θW )C˜t
]
,
dWWf
e
=
αmfT
3
f
6(4pi)3
n
M
f0
(
M2
m2W
)
Yχ(n
2 − 1)C˜t .
(5)
Here, αe and α are the fine structure constants of the electromagnetic interaction and of
the SU(2)L one, respectively. T
3
f is the isospin of the fermion f . mZ ,mW , and mh are
the masses of the Z boson, W boson, and Higgs boson, respectively. f0(x) and f1(x, y)
are loop functions defined by
f0(r) = r
∫ 1
0
dx
1
x(1− x)− r ln
x(1− x)
r
,
f1(r, s) =
1
1− r [f0(s)− rf0(s/r)] .
(6)
In our numerical study, we also focus on the nucleon EDMs, namely the proton EDM
and the neutron EDM. We evaluate the nucleon EDMs from the quark EDMs which are
3
computed using Eq. (3) at the electroweak scale. The one-loop QCD corrections [52] are
taken into account between the electroweak scale and the hadronic scale, and then we
estimate the nucleon EDMs at the hadronic scale, 1 GeV, using the following relations
derived in Refs. [53,54]:
dp = 0.78du − 0.20dd + e(−1.2d˜u − 0.15d˜d)
dn = −0.20du + 0.78dd + e(0.29d˜u + 0.59d˜d) .
(7)
where d˜q , (q = u, d) are quark chromoelectric dipole moments. Note that we use the
relations obtained when the Peccei-Quinn symmetry is assumed; that is, the QCD θ term
vanishes. 2
3 Renormalization Group Equations
As we discussed in the previous section, the CP violating effective interactions given by
Eqs. (1) and (2) induce the EDMs of the SM fermions. When the effective operators are
generated at a very high energy scale, we should evolve the Wilson coefficients to the
electroweak scale. For that reason, we will derive the RGEs for the Wilson coefficients of
the CP violating dimension-five effective operators in this section.
The RGEs for the Wilson coefficients are written as
d
d lnµ
(
C˜s(µ)
C˜t(µ)
)
=
(
(γO)ss (γO)st
(γO)ts (γO)tt
)T (
C˜s(µ)
C˜t(µ)
)
(8)
with µ the renormalization scale. γO denotes the anomalous dimension matrix for the
effective operators. In this work, we compute the anomalous dimensions γO at the one-
loop level. 3 We here focus only on the corrections from the gauge interactions, the
top Yukawa coupling yt, and the Higgs quartic coupling λ. Indeed, these corrections
are dominant when Yukawa interactions of the EWIMPs to the SM Higgs boson are
negligible. 4
The relevant Feynman diagrams for computing γO are shown in Fig. 1. The blobs
in the diagrams indicate the insertion of the effective operators. We also include the
diagrams where the gauge boson propagator attaches to the opposite side external lines
2 While we use the relation based on the QCD sum rule and the lattice QCD simulation of low-
energy constants, the strange chromo-EDM contribution d˜s appears using (baryon) chiral perturbation
theory [55, 56] even if we assume the Peccei-Quinn symmetry. See also Ref. [57] for the expression of
nucleon EDMs in the chiral perturbation approach. In our case, the quark chromo-EDMs are generated
only from the RGE mixing below the electroweak scale, and are not induced from the two-loop matching
contribution since the EWIMP fermion has no color charge.
3 We choose the Feynman–’t Hooft gauge throughout this paper.
4 For instance, if we introduce a wino-like (3, 0) triplet, we can write the Yukawa interaction among
the SM Higgs, the lepton doublet, and the triplet. If we introduce two fermionic EWIMPs; wino-like
(3, 0) and higgsino-like (2, 1/2) under SU(2)L × U(1)Y , they can also have a Yukawa interaction with
the SM Higgs. If these couplings are larger than the gauge couplings, the dominant contribution can be
altered.
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(a) (b) (c) (d) (e)
Figure 1: One-loop diagrams with the effective interactions. The blobs denote the
effective vertex. The solid, dashed, and wavy lines correspond to the propagators of the
EWIMP fermion, the Higgs field, and the SM weak gauge bosons, respectively.
in Fig. 1 (b) and (c). It turns out that the anomalous dimension matrix at one-loop level
is given as 5
(γO)ss = − 1
(4pi)2
[
6g2 (C2(H) + C2(χ)) + 6g
′2 (Y 2H + Y 2χ )− 3λ− 6y2t ] ,
(γO)tt = − 1
(4pi)2
[
6g2
(
C2(H) + C2(χ)− 1
2
C2(G)
)
+ 6g′2
(
Y 2H + Y
2
χ
)− λ− 6y2t ] ,
(γO)st = (γO)ts = 0 ,
(9)
where C2 is the quadratic Casimir invariant for SU(2)L representations, t
ata = C2(H)1,
T aT a = C2(χ)1, and C2(G) for an adjoint representation. YH = 1/2 is the hypercharge
of the SM Higgs. The diagram (e) shows a contribution from the Higgs quartic coupling
defined as
LH = −λ
2
(H†H)2 . (10)
The diagrams (b) and (c) can give the operator mixing in general, however these contribu-
tions cancel due to the gauge interaction of the Higgs field, ig(−∂µH†taH+H†ta∂µH)W aµ,
at this loop level. Therefore, the operators do not mix with each other during the one-loop
RGE evolution.
This anomalous dimension implies that the Wilson coefficients tend to be enhanced
during RGE evolution to the electroweak scale when a large representation for the EWIMP
χ is assumed. For a Dirac fermion χ, C˜t also develops during RGE evolution but the
renormalization factor for C˜t is smaller than that for C˜s because of the smaller coefficients
in (γO)tt.
We note that the resultant EDMs can be more affected by the CP -odd dimension-six
operators when the input scale is close to the electroweak scale. Indeed, in that case,
the RGE evolution becomes less important and the CP -odd dimension-six operators get
more important for computing the EDMs.
5 We found that the anomalous dimension for the effective operators was discussed in Ref. [58] in the
context of the DM effective interactions. The anomalous dimension matrix that we derived is consistent
with their work.
For the CP -even dimension-five operators among the EWIMP fermions and the SM Higgs, the anoma-
lous dimension matrix is the same as Eq. (9).
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4 Numerical Analysis
In this section, we perform the numerical analysis of the EDMs induced by the CP -
odd dimension five effective operators and discuss the impact of the RG effects on the
EDMs. We consider effective models with a single EWIMP fermion in Section 4.1 at first,
and then we will provide a discussion on the RG effect in the specific model, the split
supersymmetric model with heavy higgsinos, in Section 4.2.
4.1 Electroweakly Interacting Dark Matter Models
First, we discuss the models where a single EWIMP fermion is introduced to examine the
impact of the RG effects of the effective operators on the EDMs. The following fermions
are introduced: a (n, Yχ) = (5, 0) fermion and a (n, Yχ) = (3, 0) fermion for Majorana
EWIMP models, and a (n, Yχ) = (4, 1/2) fermion and a (n, Yχ) = (2, 1/2) fermion for
Dirac EWIMP models. Each representation contains the electromagnetically neutral state
which can be a DM candidate [24,26,27]. 6 For instance, the 5-plet Majorana fermion is
a good candidate for the EWIMP DM since the stability is automatically ensured due to
the absence of decay operators, and therefore the 5-plet Majorana fermion is now referred
to as the minimal dark matter (MDM). The preferred mass for the thermal abundance
of the MDM is O(10) TeV [27] with the assumption that the DM dominantly consists of
the MDM. However, since the gamma ray test for the MDM excludes the 5-plet MDM
with the mass of O(10) TeV [60,61], several extensions for the 5-plet MDM are proposed
in Ref. [62]. Furthermore, the direct detection of the MDM may also be difficult due to
the required mass for the thermal abundance [63].
Therefore, in the following analysis, we do not assume that the whole DM is composed
by the EWIMP, and then the lighter EWIMP DM is still viable. We can get the direct
constraint on the mass of a 5-plet at the LHC similar to that on the wino mass [34]; it is
na¨ıvely expected that the mass below about 400 GeV is excluded at
√
s = 13 TeV from
the exclusion limit of the wino mass [64]. The EWIMP DM scenarios are expected as
good benchmark models for DM physics, and we expect that the EDM can play a role
in complementary searches for them. Note again that we consider not only the 5-plet
fermion but also the other EWIMP fermions.
In general, the UV-physics effects induce the effective interactions between the EWIMP
DM and the SM Higgs fields [18, 19]. The effective interactions are given by Eqs. (1)
and (2). As we discussed in Section 2, the effective interactions induce the EDMs of the SM
fermion through the Barr-Zee diagrams. The EDMs induced by the interactions depend
on the Wilson coefficients C˜s,t(mZ), the mass of the EWIMP χ, and the representation of
χ.
We parameterize the values of C˜s,t at the UV scale Mphys as
C˜i(Mphys) =
ξi
Mphys
(i = s, t), (11)
6 The direct searches of the Dirac EWIMP DM give severe constraints on the EWIMP models due to
the coupling to Z boson. However, it can be relaxed if there are additional singlet Majorana fermions
which mix with the neutral component of the EWIMPs [28, 30, 59]. These singlets do not affect the
prediction of the EDMs.
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Figure 2: The renormalization factors in the EWIMP DM scenarios. We fix ξs = ξt =
0.1 (ξs = 0.1) for the Dirac (Majorana) EWIMP models. (Left) A
(s)
R in the model with
Majorana EWIMPs: 5-plet (black) and triplet (red). (Right) solid (broken) lines show
A
(s)
R (A
(t)
R ) in the model with Dirac EWIMPs : 4-plet (black) and doublet (red).
with ξs and ξt being dimensionless parameters. Once we specify the UV completion of the
EWIMP DM scenarios, we can determine ξs and ξt in terms of the fundamental parameters
in the UV physics. However, we do not specify the UV completion, and therefore we treat
ξs and ξt as free parameters in the following analysis.
Let us first discuss the impact of the renormalization factors A
(s)
R = C˜s(mZ)/C˜s(Mphys)
and A
(t)
R = C˜t(mZ)/C˜t(Mphys) in each EWIMP DM scenario. We use the one-loop beta
functions in the SM plus the EWIMP DM above the energy scale of mZ in order to
compute the SM gauge couplings at the UV scale. Fig. 2 shows the renormalization factors
as the function of the UV scale Mphys. In the analysis, we assume ξs = ξt = 0.1 (ξs = 0.1)
for the Dirac (Majorana) EWIMP models. While the red lines show a doublet or a triplet
in each fermion case, the black lines show the higher representations in each fermion case:
a 5-plet for the Majorana case and a 4-plet for the Dirac case. We show A
(s)
R in solid
lines and A
(t)
R for the Dirac EWIMP models. We find that the electron EDM induced
by the effective operators with the higher representation EWIMPs suffers from the larger
RG effects. For Dirac EWIMP cases, A
(t)
R is less enhanced than A
(s)
R since the anomalous
dimension for C˜t is smaller than that for C˜s [see Eq. (9)]. As reference values for the
enhancement factor, we take M = 1 TeV and Mphys = 100 TeV, and then we obtain
A
(s)
R ' 1.91 for the 5-plet EWIMP model and A(s)R ' 1.00 and A(t)R ' 0.85 in the model
with a doublet EWIMP.
Lastly Fig. 3 shows the electron EDMs in the EWIMP DM models with the RG effect.
We here take ξs = ξt = 0.1 (ξs = 0.1) for the Dirac (Majorana) EWIMP models. In
the figures, the differences of colors indicate the differences of the representations. The
solid and dotted lines correspond to the parameter spaces where the predicted value of
electron EDM equals the current constraint (|de| = 1.1 × 10−29e cm) and the projected
ACME-III sensitivity (|de| = 3 × 10−31e cm), respectively. Since the EDMs from the
Barr-Zee diagrams increase according to n3, it is expected that, for large representations
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Figure 3: The electron EDM (de) in the EWIMP DM scenarios. We again assume
ξs = ξt = 0.1 (ξs = 0.1) for the Dirac (Majorana) EWIMP models. The solid and dotted
lines corresponds to the current constraint (|de| = 1.1 × 10−29e cm) and the projected
ACME-III sensitivity (|de| = 3× 10−31e cm), respectively. (Left) de in the model with a
5-plet (green) and triplet (red) Majorana fermion. (Right) de in the model with a 4-plet
(green) and doublet (red) Dirac fermion.
with ξs = ξt = 0.1, the broad region in the M -Mphys plane can be explored in future
experiments.
4.2 Split Supersymmetry with Heavy Higgsino
In this subsection, we focus on the mini-split SUSY spectrum, where scalar fields except
the SM Higgs get masses of the order of 102-103 TeV while the masses of gauginos are in the
range of 102 GeV to TeV. The mini-split spectrum has attractive features. First, several
constraints on the mini-split SUSY models are milder than those on TeV-scale SUSY
models: SUSY-flavor and SUSY-CP constraints (for instance, see review Ref. [65]) thanks
to the heavy sfermions, and cosmological problems (such as gravitino problems [66–68]).
Second, the minimal SU(5) grand unification model is still viable if the mini-split spectrum
is assumed: coupling unification [39,40,46,69] and proton decay constraints [70–76].
Let us consider the case where higgsinos are much heavier than gauginos. This sparticle
spectrum has been studied in the literature [43–47, 77, 78]. Even if we assume the heavy
spectrum for sfermions and higgsinos, there are several contributions to the EDMs: for
instance, there can be CP violating four-Fermi interactions among quarks and gluinos
[79–81] and there can also be one-loop contributions when higgsinos are as heavy as
sfermions [79,80,82]. However, those contributions are quickly suppressed when the flavor
violations in the sfermion sector are suppressed, and therefore it is reasonable to consider
the EDM only from the Barr-Zee contributions in the mini-split spectrum [83].
The neutral wino is the lightest supersymmetric particle (LSP) when the anomaly
mediated spectrum [84, 85] is assumed. The search for the disappearing track signature
at ATLAS excludes the pure wino LSP below a mass of 460 GeV [64]. The thermal relic
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Figure 4: The renormalization factor as a function of µH in the mini-split SUSY scenario.
sin η = 1 and MS = 10
3 TeV are assumed. We take M2 = 500 GeV.
abundance of the wino LSP requires about 3 TeV for the LSP mass [25,26]. In this study,
since higgsinos are as heavy as sfermions, the bino and the wino get threshold corrections
from higgsinos [84]. It is also possible that there are threshold corrections from the extra
matter with mass of the same order of the typical sfermion scale MS [86]. Therefore,
we do not restrict the gaugino mass spectrum. Although the bino mass is irrelevant for
our study, it is important for the direct search of the LSP; for instance, the compressed
bino-wino system where the correct abundance of the bino LSP is given [87–90] changes
the collider signature [91–93].
Below the energy of the mass of higgsino µH , we obtain the following effective inter-
actions, 7
Lint = 1
2
C˜W˜H
†HW˜ aiγ5W˜ a , (12)
with W˜ denoting four-component Majorana fermions of the wino. It should be noted that
this interaction is nothing but the special case with a Majorana fermion with n = 3 and
Yχ = 0 of the model discussed in Section 2.
The Wilson coefficient C˜W˜ satisfies the following matching condition at the energy
scale of µH .
C˜W˜ (µH) =
gugd
µH
sin η , (13)
with gu and gd denoting gaugino couplings which satisfy gu = g sin β and gd = g cos β at
the sfermion mass scale. tan β = vu/vd is the ratio of the vacuum expectation values of
the two Higgs doublets in the MSSM, and we assume tan β = 3 which is a typical value
for the mini-split SUSY spectrum. η collectively denotes the CP phase in the UV theory,
η = arg(g∗ug
∗
dM2µH) with M2 being the mass of the wino.
7 At the mass of higgsino µH , we also obtain the effective interaction between bino and the SM Higgs
field. However, the effective interaction does not make any contributions to the EDMs for light fermions.
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Figure 5: Parameter dependences of de with MS = 1 PeV. The red shaded region is
excluded by the first result of de measurement at ACME-II. The dotted line shows the
future ACME-III sensitivity in both panels. The left panel shows η-µH dependence of de
for fixed M2 = 500 GeV, while the right panel shows M2-µH dependence of de for fixed
sin η = 1.
In the following analysis, we compute the parton level EDMs as follows. We compute
the gaugino couplings gu and gd at the sfermion scale MS using the two-loop RGEs for
the gauge couplings and the one-loop RGEs for the Yukawa couplings. We note that we
use the beta functions in the SM plus gauginos from the energy scale of mZ to the energy
scale of µH . We then get C˜W˜ (µH) using Eq. (13) while evolving the gaugino couplings
according to the one-loop RGE for them [40] if µH < MS. We obtain C˜W˜ (mZ) by taking
into account the RG evolution down to the energy scale of mZ . Then, we evaluate the
EDMs using Eq. (3) at the energy scale of mZ .
First, we show the renormalization factor, AR = C˜W˜ (mZ)/C˜W˜ (µH), in Fig. 4 to see
the impact of the RG effects on the electron EDM. As we expected, we easily find that
a larger UV scale µH gives a larger renormalization factor AR. We take M2 = 500 GeV,
sin η = 1, and the mass of the sfermion to be MS = 10
3 TeV in this figure; however, AR
does not depend on them, especially MS unless MS ≤ µH . As a reference value, we obtain
AR ' 1.19 when we take µH = 103 TeV.
In Fig. 5, we show the parameter dependences of de including the RG effects. We
here assume that the mass of sfermions is MS = 1 PeV. The right panel shows the M2-
µH dependence with sin η = 1, whereas the left panel shows the η-µH dependence with
M2 = 500 GeV. The solid lines corresponds to de = 10
−29 , 10−30 , and 10−31 e cm from
bottom to top in these panels. The red shaded region is excluded by the first result of
ACME-II [7]; |de| ≤ 1.1× 10−29 e cm. The dotted line shows the final goal of ACME-III,
|de| ∼ 3 × 10−31 e cm [12]. We find that the broad parameter region will be explored by
the future sensitivity of the ACME experiment.
The future experiments for the nucleon EDMs will also have good sensitivities. In
Fig. 6, we show nucleon EDMs arising from the effective operators in the mini-split SUSY
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Figure 6: Parameter dependence of the nucleon EDMs, i.e., that of the proton EDM
(purple lines) and that of the neutron EDM (green lines). MS = 1 PeV and sin η = 1 are
assumed. The broken lines show the future sensitivities of nucleon EDMs.
model. We assume MS = 1 PeV and sin η = 1 in this figure, again. Purple lines show
the predicted proton EDM; in particular, |dp| = 10−28 e cm on the solid line and |dp| =
10−29 e cm, which is expected to be explored in the storage ring experiments, on the
broken purple line.
The broad region of the M2-µH plot will be able to be investigated by the storage ring
experiment for the proton EDM. It is expected that we can crosscheck the electron EDM
and the nucleon EDMs in the broad parameter region in the near future. In particular,
|dp/de| ∼ 10 and |dn/de| ∼ 15 are predicted in the heavy higgsino system. This is because
the parameter dependences of the quark EDMs are similar to those of the electron EDM.
The difference of the quark EDMs from the electron one mainly arises from masses and
charges of partons, QCD corrections below the electroweak scale, and the existence of
dZHq contribution.
5 Conclusions and Discussion
The electroweakly interacting fermions are promising candidates of new particles that
appear as low-energy remnants in UV completions. The EDMs are expected to be a good
probe of CP violation in the EWIMP fermions, and therefore we have focused on the
EDM from the effective interactions among the Higgs doublet and the EWIMP fermions.
In particular, we have derived the anomalous dimensions for the dimension-five effective
operators from the gauge interactions, the Yukawa interactions, and the Higgs quartic
interaction. The operators evolve through the anomalous dimensions from the input scale
where the effective operators are generated to the electroweak scale. Since SU(2)L is
asymptotically free in the SM with a single electroweak interacting fermion, the quantum
corrections tend to enhance the EDMs from the effective operators.
We have also evaluated the effect of the RGEs in specific models: the mini-split
supersymmetric model with heavy higgsinos and several EWIMP models. These models
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provide a candidate of the DM, and therefore they have been gathering attention as
simplified models.
We have discussed the EDMs from the EWIMP fermions that contain an electro-
magnetically neutral state. In Section 4.1, we have especially considered the following
fermions: a (n, Yχ) = (5, 0) Majorana fermion, a (n, Yχ) = (3, 0) Majorana fermion, a
(n, Yχ) = (4, 1/2) Dirac fermion, and a (n, Yχ) = (2, 1/2) Dirac fermion. Taking into ac-
count the RGE of the effective operators, we have discussed the impact of renormalization
factors on the electron EDMs in each EWIMP DM scenario. As results, we have found
that the large correction from electroweak interactions arises if the effective operators
consist of the large electroweak multiplet.
For the heavy higgsino split SUSY scenario, as we have discussed in Section 4.2, the
correction from the gauge interactions can be of the order of O(10)%. Furthermore, it is
expected that the future experiment for the electron EDM and nucleon EDMs will reach
broad parameter space as shown in Figs. 5 and 6. It is also expected that the wino mass
region where we have studied will be covered using the disappearing track search at the
100 TeV pp colliders [30,94].
Finally, we comment on what we have not discussed in this work. We have not con-
sidered the models that add two or more EWIMP fermions. When we add two or more
EWIMP fermions, there might be Yukawa interactions among the EWIMPs and the SM
Higgs boson. These interactions also affect the evolution of the effective operators. How-
ever, these corrections highly depend on the models, and in that case we cannot estimate
the enhancement factor without assuming the size of the Yukawa couplings. We have
focused only on one-loop corrections to the effective operators because the higher correc-
tions, such as the two-loop RGEs and the one-loop matching conditions, are expected to
be more suppressed by loop factors; they are expected to be much smaller than a percent
level.
We have not discussed the scalar EWIMP models in this study. The scalar EWIMP
can also have the CP -odd interactions with the SM Higgs. However, the interactions
highly depend on the representation of the scalar EWIMPs. We will discuss the EDMs
in the scalar EWIMP models somewhere else.
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